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ABSTRACT 



An illuminance measuring method and apparatus measures 
the illuminance on a wafer in an exposure apparatus for 
projecting a pattern formed on a mask onto a wafer. The 
illuminance of the mask causes the formation of ghost light 
on the mask. The apparatus and method use a first technique 
to measure the illuminance on the wafer while a mask used 
for actual exposure is mounted in the exposure apparatus 
and the mask is illuminated. The apparatus and method also 
use a second technique, different form the first technique, to 
measure the illuminance on the wafer while the mask used 
for actual exposure is mounted in the exposure apparatus 
and the mask is illuminated. The apparatus and method also 
find the distribution of the ghost light caused by the mask, 
based on the illuminance measured by these two techniques. 

39 Claims, 10 Drawing Sheets 
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FIG. 5 
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FIG. 8 
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ILLUMINANCE MEASURING METHOD, AN on the wafer while the mask is mounted in the exposure 

EXPOSURE APPARATUS USING THE apparatus and the mask is illuminated. The method also 

METHOD AND A DEVICE comprises the step of using a second technique, different 

MANUFACTURING METHOD ^ om tDe ^ rsi technique, to measure the illuminance on the 

5 wafer while the mask is mounted in the exposure apparatus 

BACKGROUND OF THE INVENTION and the mask is illuminated. The method further comprises 

the step of finding the distribution of the ghost light, based 

1. Field of the Invention 0Q the illuminance measured by the first and second tech- 
The present invention relates to an illuminance measuring niques. 

method, an exposure apparatus using the method, and a ^ According to another aspect, the present invention which 

device manufacturing method. achieves these objectives relates to an illuminance measur- 

2. Description of the Related Art ing method for measuring the illuminance on a wafer in an 
With the recent remarkable progress in the fine processing exposure apparatus for projecting a pattern formed on a 

technology for manufacturing semiconductor devices, it is mask 0Dt0 tne wafer - The illuminance of the mask causes the 

demanded that an exposure apparatus be capable of forming is formation of ghost light on the mask. The method comprises 

a precise line which has a width identical to the wavelength thc slc P of measuring the illuminance on the wafer while the 

of the exposure light used in the exposure apparatus. When mask fe mounted in the exposure apparatus when the mea- 

the line is being formed, the presence of any illuminance sured illuminance on the wafer includes the ghost light in a 

irregularity in the illumination light (exposure light) on a first measuring step. The method also comprises the step of 

reticle (mask) hinders a circuit pattern from being accurately 20 measuring the illuminance on the wafer while the mask is 

projected onto a wafer. mounted in the exposure apparatus when the measured 

™ ... U1 . „ .„ . a illuminance on the wafer does not include the ghost light in 

To avoid this problem, conventionally, an illuminance . . # _ .uja.u • .u 

distribution on the wafer is measured with the reticle a ."^ measu " n S ^.J^ me h ° d fu " h " , C ° mpriSe ?' 

removed from the optical path of the illumination light, and ste P 0 fiodm e the distribution of the ghost light mask by 

t , .,,.,•/ \ . j- * j » U . comparing the Uluminance measured by the first and second 

the illumination (exposure) system is adjusted so that an 25 * . & ' 

error measured in the illuminance distribution is set to be measuring s eps. 

±1% or less, thereby uniformity of illuminance on the reticle According to still another aspect, the present invention 

can be maintained achieves these objectives relates to an exposure apparatus 

' .» . ri , .„ . . including a mask stage, a wafer stage, illuminance measur- 

However, even when uniformity 01 the illuminance on the ° , °.' — f . 4 

. . . ..... . .. % u*u i u ■ 30 mg means, and operation means. The mask stage supports a 

reticle ^maintained, in approximation with the ret.cle being ^ & * formed $ , 

removed from the optical path a phenomenon called a ^ £ whjch ^ fomed Qn ^ £ 

"ghost image occurs during actual exposure, because lllu- • • . j tl -n ■ ■ t u 

• i- ?. a > j u 1 i *, * .u mi • is projected. The illuminance measuring means measures the 

mination light reflected by the reticle returns to he lUumi- on tbe wafcr ^ alion means determines 

nation system, and a further reflected inside of the illumi- ^ distribution of hos , ^ caused „ , he mask when [he 

nation system, back to the reUcle, again. To control the line JJ i • •« • . 5 • *i_ *n 

... / . . . a c cat i • mask is illuminated m the exposure apparatus. The ilium l- 

width to a precision on the order of ±5% or less, it is r . \F p . , . 

r i , , . , ... nance measuring means uses a plurality or techniques to 

necessary to control such a ghost image phenomenon, which t . .„ . c , . 

h h ■ u ■ 6 &y measure the illumination on the wafer while the mask is 

as o erwise een ignore . mounted on the mask stage. The operation means determines 

As a method for measuring such a ghost image, a method ^ the distribut i on of the ghost light based on the illuminance 

using a special reticle (e.g., a test reticle) as disclosed in, for mea sured by the plurality of techniques by the illuminance 

example, Japanese Unexamined Patent Publication No. measuring means. 

5-62883, is known. According to still another aspect, the present invention 

However, the above method is suitable only for presum- whicn achieves these objectives relates to an exposure 

ing the amount of the ghost image that occurs, and 4S apparatus including a mask stage, a wafer stage, illuminance 

disadvantageous^, requires a significant measuring time due measuring means, and operation means. The mask stage 

to its complicated procedure. In addition, the illuminance supports a mask having a pattern formed thereon. The wafer 

distribution on the reticle, caused by the ghost image slage suppoi1s a wa f er 0 nto which the pattern formed on the 

phenomenon, varies depending upon the pattern density of mask ^ pro j ect ed. The illuminance measuring means mea- 

the reticle or the shape of the reticle. This causes an 5Q sures the in ummance 0 n the wafer. The operation means 

inconvenience of preparing a test reticle for each pattern. determines the distribution of the ghost light caused by the 

SUMMARY OF THE INVENTION mzsk wneD me mas ^ * s illuminated in the exposure appa- 
ratus. The illuminance measuring means measures the illu- 
Accordingly, it is an object of the present invention to minance on the wafer when the illuminance measured on the 
provide an apparatus and method for directly measuring the 55 wa fer includes ghost light and when the illuminance mea- 
distribution of a ghost image or ghost light caused by the S ured on the wafer does not include the ghost light while a 
illumination of a reticle which is used for an actual exposure. mask used for the actual exposure is mounted in the expo- 
It is another object of the present invention to solve the sure apparatus. The operation means determines the distri- 
problems of conventional exposure apparatuses which gen- bution of the ghost light by comparing the measured illu- 
erate ghost light. 60 minance when the measured illuminance on the wafer 

According to one aspect, the present invention which includes and does not include the ghost light, 
achieves these objects relates to an illuminance measuring According to still another aspect, the present invention 
method for measuring the illuminance on a wafer in an which achieves these objectives relates to a device manu- 
exposure apparatus for projecting a pattern formed on a facturing method for manufacturing devices using an expo- 
mask onto the wafer. The illuminance of the mask causes the 65 sure apparatus for projecting a pattern formed on a mask 
formation of ghost fight on the mask. The method comprises onto a wafer. The illumination of the mask causes the 
the step of using a first technique to measure the illuminance formation of the ghost light on the mask. The device 
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manufacturing method comprises the steps of using first and 
second illuminance measuring techniques, and determining 
and projecting steps. The first illuminance measuring tech- 
nique uses a first technique to measure the illuminance on 
the wafer while the mask is mounted in the exposure 
apparatus. The second illuminance measuring technique 
uses a second technique, different from the first technique, to 
measure the illuminance on the wafer while the mask is 
mounted in the exposure apparatus. The determining step 
determines the distribution of the ghost light, based on the 
illuminance measured by the first and second techniques, 
and compensates for the ghost light using the distribution 
found in the determining step to uniformly illuminate the 
mask. The projecting step projects the pattern onto the wafer 
using the exposure apparatus to manufacture a device using 
the exposure apparatus. 

According to still another aspect, the present invention 
relates to a device manufacturing method for manufacturing 
devices using an exposure apparatus for projecting a pattern 
formed on a mask onto a wafer. The illuminance of the mask 
causes the formation of ghost light on the mask. The method 
comprises two measuring steps, a determining step, and a 
projecting step. The first measuring step measures the illu- 
minance on the wafer while the mask is mounted in the 
exposure apparatus when the measured illuminance on the 
wafer includes ghost light. The second measuring step 
measures the illuminance on the wafer while the mask is 
mounted in the exposure apparatus when the measured 
illuminance on the wafer does not include the ghost light. 
The determining step determines the distribution of the 
ghost light by comparing the illuminance measured by the 
first and second measuring steps, and compensates for the 
ghost light determined in the determining step to uniformly 
illuminate the mask. The projecting step projects the pattern 
from the mask onto the wafer using the exposure apparatus 
to manufacture a device using the exposure apparatus. 

These and other objects, advantages, and features of the 
present invention will become apparent upon a review of the 
following detailed description of the preferred embodiments 
when taken in conjunction with the attached drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a schematic view illustrating an exposure 
apparatus, according to an embodiment of the present 
invention, when performing a first measurement. 

FIG. 2 is a schematic view illustrating the exposure 
apparatus, according to the embodiment of the present 
invention, when performing a second measurement. 

FIG. 3 is an illustration showing the relationship between 
a pinhole and a region determined by a masking blade, in the 
second measurement. 

FIG. 4 is a schematic view illustrating how a ghost image 
occurs due to light reflected by a reticle. 

FIG. 5 is a cross-sectional view illustrating an absorbent 
filter comprised of two glass members. 

FIG. 6 is a schematic view illustrating an example in 
which the absorbent filter shown in FIG. 5 is disposed in an 
exposure apparatus of the present invention. 

FIG. 7 is a schematic view illustrating an example in 
which a reflective filter for correcting an illuminance 
distribution, expressed as a linear inclination, is disposed in 
an exposure apparatus of the present invention. 

FIG. 8 is a flowchart showing a process for manufacturing 
semiconductor devices. 

FIG. 9 is a flowchart showing details of a wafer process 
in the manufacturing process shown in FIG. 8. 
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FIG. 10 is a schematic chart illustrating deflection-angle- 
variable wedge-shaped prisms. 

FIG. 11 is a schematic chart illustrating means for adjust- 
ing the position of an extra-high pressure mercury lamp. 

5 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

FIG. 1 shows a general view of a projection exposure 
apparatus, in which only exposure-related portions accord - 

10 ing to the present invention are illustrated. 

The projection exposure apparatus includes an extra-high 
pressure mercury lamp U serving as a light source, an 
elliptical mirror 12 for converging light from lamp 11, a 

15 shutter 13, a driving motor 14 for driving the shutter 13, a 
condenser lens 15, a wavelength selection filter 16, an 
optical integrator 17, a mirror between the filter 16 and the 
integrator 17 for reflecting light from lamp 11 and mirror 12, 
having passed through shutter 13, lens 15 and filter 16, to the 

2Q integrator 17, and condenser lenses 18 (only one being 
shown, as representative) for converging light outputted 
from the optical integrator 17. The condenser lenses 18 can 
control an illuminance distribution on a reticle 23 or a wafer 
25 by changing lens intervals. The position of a masking 

^ blade 20 can be adjusted so that only a predetermined 
portion on the reticle 23 is illuminated. For this purpose, the 
masking blade 20 is disposed on a conjugate surface with 
respect to the reticle 23. An actuator 35 drives the masking 
blade 20. Exposure light from the masking blade 20 passes 

3Q through condenser lens 21, is reflected by a mirror, and 
passes through condenser lens 22 to illuminate the reticle 23. 
An illuminated pattern on the reticle 23 is converged by a 
projection optical system 24 to form an image on the wafer 
25, which is held by a wafer chuck 26. The following 

35 elements constitute the illumination system: lamp 11, mirror 
12, shutter 13, lens 15, filter 16, integrator 17, the minor 
between filter 16 and integrator 17, lens 18, blade 20, lenses 
21 and 22, and the mirror between lenses 21 and 22. 
A main-control circuit 50 controls a driving system 

4Q including the driving motor 14, the actuators 19 and 35, and 
performs various types of operations. When the illuminance 
is measured, an output signal from a photoelectric detection 
system is inputted to the main -control circuit 50, and based 
on the calculated illuminance distribution calculated by the 

45 main-control circuit 50, the circuit 50 controls a predeter- 
mined driving system to provide uniform illuminance dis- 
tribution. For this purpose the main-control circuit 50 
includes operation circuits such as a central processing unit 
(CPU) and a memory. 

50 Conventionally, uniformity of illuminance by the expo- 
sure apparatus is verified by the photoelectric detection 
system mounted on a wafer stage 27 with the reticle 23 
removed and with the masking blade 20 completely open. 
The photoelectric detection system has a pinhole 30 of 

55 approximately 0.5 mm diameter and is the same height as 
the wafer 25, and a photodetector 31 disposed under the 
pinhole 30. The photoelectric detection system detects expo- 
sure light having passed through the pinhole 30 with the 
photodetector 31. The photoelectric detection system mea- 

60 sures each point on an exposed region while being moved. 
The photoelectric detection system is initialized to set an 
error in illuminance distribution, obtained from measured 
results, to ±1% or less. 

However, a real reticle has a reflectance of approximately 

65 10% if the reticle is comprised of three layers, and has a 
reflectance of as much as 60% if the reticle is comprised of 
two layers. The reflected light from the reticle travels 
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through the illumination system, and is reflected by an intensity of light reflected by the circuit pattern is dependent 

element or elements of the illumination system and travels upon the circuit pattern, thus, reticles with different circuit 

back through the illumination system to the reticle, and thus, patterns have different values of intensity. In the second 

the illuminance distribution at the location of the reticle measurement, only the periphery of the measurement point 

when the reticle is absent is different from a value measured 5 is illuminated with the exposure light. Thus, for example, 

on the reticle. while measurement is being performed with respect to a 

In this embodiment, the illuminance distribution is mea- position corresponding to the position B, there is no possi- 

sured twice, with the real reticle mounted in the apparatus. t>ih*ty for reflected light caused by light incident upon the 

Thereby, ghost light caused by the reflected light is position A to be incident again upon the position B. In other 

measured, and the illumination system is adjusted based on ™ words, this corresponds to measurement for a condition m 

the measured result to eliminate the influence of the ghost w ^ch no ghost light occurs. The position of the photoelec- 

light. In connection with this process, as a standard *™ detection system under this measuring condition is 

condition, the illuminance distribution without the reticle 23 monitored by a laser interferometer (not shown). The posi- 

must be adjusted within a predetermined tolerance of, for l i° n of the measurement point in the second measurement 

example +1% 15 can a S ree wth the position of the measurement point in the 

„. . r , ... . . ii » first measurement to a precision of 0.1 urn or less. 

First measurement is performed with the masking blade _ r , . £ , 

. . r . .... A , Consequently, the two measured values can be accurately 

20 open to the practical exposing condition after the reticle M , /' . ; 

. r , , \ t , . i .u j *u compared at the same corresponding measurement point. 

23 is mounted to the apparatus. In other words, the mea- K . . . . . . r ; & , . . 4 . . 

. - j j «i_ j • j * . # . When the ghost is completely eliminated, both measured 

surement is performed under the same condition as when the & . r J 

wafer 25 is actually exposed. Consequently, in this 20 values are equal * 

condition, reflected light from the reticle 23 returns to the Here the illuminance distribution in the exposed region 

illumination system, and is reflected as ghost Ught to the (region to be measured) is measured at points arranged in a 

reticle 23. The measurement is performed at a plurality of matrix of mxn. A measured value measured at each point 

points on the exposed region, for example, it is done in the durin g lhe first measurement is represented by a^m, n), a 

form of a matrix. The positions of the measured points are 25 measured value measured at each point during the second 

accurately measured by a laser length measuring machine measurement is represented by a 2 (m, n), and a reference 

(not shown) using a mirror 28, and the measured values are position is set at a predetermined position (p, q) in proximity 

store d to the center of the region to be measured. The reason why 

_ . c .„ the reference position is set at the predetermined position (p, 

In he measurement of illuminance according to the „ . . *; . V, „ t; :T' 

. , , , . i . iL 30 in proximity to the center is that, since the real reticle 

present invention it should be noted that, since the measure- ry f iu **^* J ' . mo _ ii , 

* . c . ■ 4# c a *u ♦* i 11 having a circuit pattern formed thereon is measured, the 

ment is performed using the pattern formed on the reticle 23, j . L u .u * * a 

*\ 2 5 . . ' measured value becomes zero when the center is covered 

measured values are affected by the transmission condition ... * j. • j **• / 

caused by the pattern itself. This can be also applied to a ™ th chrommm. Accordingly, the predetermined position (p, 

j 4 . ... •„ . "\ _ UaA q) is selected from positions in proximity to the center, 

second measurement operation, which will be described „ . . u . u- uu a i 

* 35 which measure not zero but which have measured values no 

less than a certain amount (for example, 30% or greater of 
The second measurement follows the first measurement. a maximum mea sured value among values at all the mea- 
The second measurement is shown in FIG. 2. In the second surement points). After measurement of the illuminance 
measurement, the reticle 23 is maintained in the same distribution on the wafer 
condition as in the first measurement. In other words, the 40 
second measurement can be performed successively with ai (m, (p> q) 

respect to the first measurement. According to the second 

measurement, the masking blade 20 is stopped further down ™^ respect to the first measurement, and 

so that only a portion of the wafer stage 27, the portion at g 

which the photoelectric detection system is positioned, is 45 ° 2 ^ " ° 2 ' q 

illuminated. The relationship between the pinhole 30 and the with respect to the second measurement are calculated. Both 
illuminated region determined by the masking blade 20 is calculated results should be equal when no ghost light 
shown in FIG. 3. The illuminated region is slightly larger occurs at the same measurement point. However, both 
than the diameter of the pinhole 30. For example, the region results are actually not equal due to the ghost light caused by 
can be formed by stopping down the masking blade 20 at the 50 the reflected light from the reticle 23. Accordingly, the ghost 
diameter of the pinhole 30 to 0.5 mm so as to form a square light is represented by the following value obtained by 
or rectangle of illumination having one side of 1 to 5 mm on dividing the measured value in the first measurement by the 
the wafer. In order to measure the illuminance distribution in measured value in the second measurement, as follows: 
the exposed region, the wafer stage 27 is moved to each 

measurement point, and the position of the opening of the 55 K*h "Y^fa 4) VKfo <j)i*(m, «)} 

masking blade 20 also changes so that the illuminated region . , . , , . 

6 ■ • » l» * . In this case, to prevent the measured value measured during 

moves corresponding to the measurement point. _ r - u * j- -j j l. <u 

r & r .the first measurement from being divided by zero, the 

As shown in FIG. 4, ghost light is a phenomenon in which calculation is performed with respect to (m, n) when a 2 (m, 

light incident upon a position A on the reticle 23 is reflected ^ md ^ Q ^ Q ^ respect to (m> n) when ^ n)=0 

thereby to return to the illumination system, and is further 60 Thc valuc of ^ n j cxc i uding the term ^1 10 ^to is 1 when 

reflected by an optical device m the illumination system nQ ghQSt hght fe preseot A shift in b(m> n) away from x 

(lens 22 in FIG. 4) to be incident upon a position Bon the repr esents the distribution of the ghost light. For 

reticle 23, which is shifted from the original incident posi- simplifica tion, assuming that four outermost points (1, 1), (1, 

tioo. In FIG, 4, solid lines represent light which normally n . ( ^ and n) haye values excepl for 2ero> the 

illuminates the reticle 23, and dotted lines represent ghost 65 f 0 ii owm g expression 
hght. The reticle 23 has a circuit pattern thereon, composed 

of a material such as chromium or chromium oxide. The {6(1, i)+fc(i, *>+fc(m, i)+b(m, 
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is related to an increase or decrease in the quantity of light 
in the periphery. With this operation, the distribution of the 
ghost light can be two-dime nsionally obtained, so that a 
concentric square distribution and a linear distribution can 
be obtained. For example, in the calculation of a linear 
distribution, the following expression 

{£<1, l>fc(l, l)-6(m, «)}/2 

represents a laterally changing illuminance distribution, 
while the following expression 



10 



{fc(l, n)+b(m, \)-b{m, n)}/2 

represents a longitudinally changing illuminance distribu- 
tion. 15 

In this embodiment an example of the calculation at four 
corners has been described. However, in practice, by aver- 
aging the distribution in a region having a certain extent, the 
value of the ghost light may be found. This is because the 
ghost light itself is not light which converges to form an 20 
image on the reticle or the wafer, and thus, it has a gradual 
distribution on the reticle. For example, when measurement 
is performed at 225 points formed by m=n=15, the region to 
be measured is divided into 5x5=25 blocks by regarding 
adjacent 3x3=9 points as one block, and measured values in 25 
each block are averaged to find the distribution of the ghost 
light. 

In addition, to uniformly illuminate the reticle 23, cor- 
rection for the measured ghost light will be described. 

With respect to a concentric square illuminance 30 
distribution, correction can be performed by, for example, 
adjusting intervals between lenses included in the condenser 
lenses 18 with the actuator 19 so that the mask 23 is 
uniformly illuminated. With respect to a linearly changing 
illuminance distribution, correction can be performed by, for 35 
example, using a deflection- angle -variable wedge (shown in 
FIG. 10) formed by a combination of two rotatable wedges 
disposed before the optical integrator 17, or by adjusting the 
position of the extra -high pressure mercury lamp 11 in the 
vertical direction with respect to the optical axis of the 40 
illuminating optical system (shown in FIG. 11) so that the 
reticle 23 is uniformly illuminated. 

Otherwise, it possible to use methods for correction of the 
illuminance distribution by inserting a filter in the optical 
path of the exposure light. As filters to correct the concentric 45 
square distribution, there are types such as a reflective filter 
inserted just behind the optical integrator 17, which has a 
multilayer film with a lower transmittance to obliquely 
incident light than to vertically incident light, and an absor- 
bent filter in which a convex glass member with a high 50 
transmittance and no light absorption and a concave glass 
member with light absorption are cemented together as 
shown in FIG. 5. The glass member with light absorption 
causes a concentric illuminance distribution. FIG. 6 shows 
an embodiment identical to that shown in FIG. 1 except that 55 
it permits exchanging various filters disposed in proximity to 
the masking blade 20 in accordance with the condition of the 
ghost light. The apparatus includes the absorbent filter 36 
shown in FIG. 5, a reference filter 37 composed of the glass 
member with no light absorption of filter 36, which is 60 
inserted under the normal conditions, and a motor 38 for 
rotating a turret 39 provided with various filters. 

In addition, regarding the linearly changing illuminance 
distribution, correction can be performed by slightly inclin- 
ing the above-mentioned reflective filter (inserted just 65 
behind the optical integrator 17) with respect to the optical 
axis of the illuminating optical system. FIG. 7 shows an 



embodiment identical to that shown in FIG. 1 except that it 
includes a reflective filter 41 having the multilayer film 
disposed behind the optical integrator 17. The reflective 
filter 41 has the same structure as the reflective filter 
disposed in connection with FIGS. 5 and 6. The filter 41 is 
inclined by an actuator 42 based on the measured values 
measured during the first and second measurement. The~> 
inclination is minute, which does not particularly affect other j 
performance characteristics of the optical system, such as / 
shifting of the optical axis. Accordingly, the reticle 23 is 
uniformly illuminated so the ghost light is compensated for] 

Data representing the illuminance distribution of the ghost 
light in the illuminating optical system, measured by the 
measuring method in this embodiment, can be stored in a file 
and can be used as the basis for a driving command value for 
actuators 19, 35, and/or 42 for adjusting the illuminance so 
that the reticle 23 is uniformly illuminated. Therefore^ 
concerning the reticle on which ghost light has been 
measured, measurement does not need to be done whenever 
a reticle is mounted on the exposure apparatus. Instead, the 
stored value is read in the apparatus, and the condition of the 
illumination system can be determined based on the read 
value to correct for the ghost light. Thus, with the condition 
(distribution) of the ghost fight stored, the illumination 
system may be activated based on the stored value. Also, 
since the occurrence conditions of the ghost light may be 
different in each exposure apparatus, the stored ghost light 
data may be treated not only with respect to the reticle itself 
but also as a characteristic parameter of the apparatus. 

An embodiment of a method for manufacturing semicon- 
ductor devices, utilizing the exposure apparatus shown in 
FIG. 1, will be described. 

FIG, 8 shows a flowchart for manufacturing semiconduc- 
tor devices (semiconductor chips such as integrated circuits 
and large-scale integrated circuits, liquid crystal panels, and 
charge-coupled devices). Instep 1 (circuit design) the circuit 
of a semiconductor device is designed. In step 2 (mask 
production) a mask on which the designed circuit pattern is 
formed is produced. Also, in step 3 (wafer production) a 
wafer (wafer 25) is produced using a material such as 
silicon. In step 4 (wafer process) which is called a pre- 
process, a circuit is actually formed on the wafer using the 
mask and the wafer by lithographic techniques. In succes- 
sive step 5 (assembly) which is called a post-process, a chip 
is assembled using the wafer produced in step 4, and this 
step includes an assembly process (dicing, bonding), a 
packaging process (chip sealing), and another process. In 
step 6 (inspection) the assembled semiconductor chip is 
tested to verify its operation, durability and another charac- 
teristic. Through the foregoing steps the semiconductor chip 
is completed, and is shipped (in step 7). 

FIG. 9 shows a detailed flowchart of the above wafer 
process (step 4). In step 11 (oxidation) a surface of the wafer 
(the wafer 25) is oxidized. In step 12 (chemical vapor 
deposition (CVD)) an insulating layer is formed on the 
surface of the wafer. In step 13 (electrode formation) elec- 
trodes are formed on the wafer by vapor deposition. In step 
14 (ion implantation) ions are implanted into the wafer. In 
step 15 (resist process) the wafer is coated with resist 
(photosensitive material). In step 16 (exposure) the wafer is 
exposed with the image of the circuit pattern of the mask 
(reticle 23) by the exposure apparatus. In step 17 
(development) the exposed wafer is developed. In step 18 
(etching) the wafer surface which has not been developed is 
etched. In step 19 (resist removal) the unnecessary resist 
after etching is removed. By repeating these steps, the circuit 
pattern is formed on the wafer. 
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The use of the method for manufacturing semiconductor 6. An exposure apparatus including: 

devices according to this embodiment enables the manufac- a mask stage for supporting a mask having a pattern 

ture of highly integrated semiconductor devices, which has formed thereon; 

conventionally been difficult. a wafer stage for supporting a wafer onto which the 

What is claimed is: 5 pattern formed on the mask is projected; 

1. An illuminance measuring method for measuring the illuminance measuring means for measuring the illumi- 
illuminance on a wafer in an exposure apparatus for pro- nance 0D me wa f er and 

jecting a pattern formed on a mask onto the wafer the operation means for determining the distribution of ghost 

dluminance of the mask causing the formation of ghost light Ughl caused by (he mask ^ having lhe paUera formed 

on the mask, the method comprising the steps of: JQ thereon, when the mask is illuminated in said exposure 

using a first technique, including using a measuring apparatus, 

device, to measure the illuminance on the wafer while wh erein said illuminance measuring means uses a plural- 

the mask, havmg the pattern formed thereon is ity of successive techniques to measure the illuminance 

mounted in the exposure apparatus and the mask is Qn me wafef whQe ^ m ^ ^ me m formed 

S ma hostn ht em ue mea ' 15 thereon ' * mounted on said mask 

usingTsfcond If chnique, different from the first tech- aD * ? here * » w operation means detennines the distri- 

nique and performed successively with respect to the butl0n °f u the u 8 h ° st F based on the illuminance 

first technique, to measure, using the measuring device, measured by the plurality of successwe techniques used 

the illuminance on the wafer while the mask, having the b Y ^ illuminance measuring means, 

pattern formed thereon, is mounted in the exposure 20 7. An exposure apparatus according to claim 6, wherein 

apparatus and the mask is illuminated, wherein the said operation means determines the distribution of the ghost 

second technique does not include measuring ghost KgiX by comparing the illuminance measured at the same 

light* and measuring point by the plurality of techniques by said 

finding' the distribution of the ghost light, based on the illuminance measuring means. 

illuminance measured by the first and second tech- 25 8 • An exposure apparatus according to claim 6, wherein 

j s the plurality of techniques used by said illuminance mea- 

2. An illuminance measuring method according to claim surin S means includes a technique for measuring the illu- 
1, further comprising the step of determining the distribution ™> an f at a portion of the wafer while the overall pattern 
of the ghost light by comparing illuminance values mea- formed on the mask 1S illuminated, and a technique for 
sured at the same point by the first and second techniques. 30 measuring the illuminance at the portion of the wafer while 

3. An illuminance measuring method according to claim om y a re S ion in proximity to the portion being measured is 
I illuminated. 

' wherein said first technique using step includes the step of . 9 ; ex P° sure f a PP" alus t0 claim <• .^ her 

*u 11 — ■ f *u A including means for adjusting the illuminance distribution 

measuring the illuminance at a portion of the wafer ■ * , • .j. * r*i_ u . i- l, tL 4 

, 4 . r j tU ~ ««t, *o k-* 35 by using the determined distribution of the ghost light so that 

while the overall pattern formed on the mask is being / * . 

illuminated mask is umfonnly illuminated. 

, iL - • t 10. An exposure apparatus according to claim 9, wherein 

and wherein said second echnique using step mdudes the said meai / for ^ the illun ^ mance distribution 

step of measuring ^the illuminance while only the region Chides means for ch between 

in proximity to the portion bemg measured is illumi- ^ [n an muminatioQ systcm for nominating the mask 

4. An illuminance measuring method for measuring the u ^ ufe atus according t0 daim 9 , wherein 
illuminance on a wafer in an exposure apparatus for pro- s&id mcans for {hc iUuminance distrib ution 
jecting a pattern formed on a mask onto the wafer the a ufal Qf wed h d risms dis . 
illuminanaofthemaskcausmgtheformationofghosthght 45 sed . q ai f iUum / nation tem for Sl umin a tin ^ the mask 
on the mask, the method comprising the steps of: ^ { ^ wafef 

measuring, in a first measuring step, the illuminance on u M exposure ap p arat us according to claim 9, wherein 

the wafer, using a measuring device, while the mask, said meaQS for adjusting the illuminance distribution 

having the pattern formed thereon, is mounted in the inc i udes means for changing the portion of a light source for 

exposure apparatus, when the measured illuminance on 5Q flluminaling the mask and tne wafer, 

the wafer includes the ghost light; 13 M exposure a p para tus according to claim 9, wherein 

measuring, in a second measuring step, the illuminance on said mea ns for adjusting the illuminance distribution 

the wafer, using the measuring device, while the mask, includes at least one filter to be inserted in an optical path of 

having the pattern formed thereon, is mounted in the an illumination system for illuminating the mask and the 

exposure apparatus, when the measured illuminance on 55 wa f er . 

the wafer does not include the ghost light; and 14 ^ exposure apparatus according to claim 13, wherein 

finding the distribution of the ghost light by comparing sa i d a t least one filter includes a reflective filter having a 

the illuminance measured by said first and second multilayer film in which transmittance is lower with respect 

measuring steps. to obliquely incident light than with respect to vertically 

5. An illuminance measuring method according to claim 60 incident light. 

4, 15. An exposure apparatus according to claim 13, wherein 

wherein said first measuring step is performed at a portion said at least one filter includes an absorbent filter formed by 

of the wafer while the overall pattern formed on the cementing first and second optical members, the first optical 

mask is being illuminated, member having high transmittance and absorbing no light, 

and wherein said second measuring step is performed on 65 and the second optical member absorbing light, 

the portion of the wafer while only the region in 16. An exposure apparatus according to claim 13, further 

proximity to the portion being measured is illuminated. including means for exchanging said filters. 
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17. An exposure apparatus according to claim 9, said includes means for changing the position of a light source of 
exposure apparatus accommodating different masks, said an illumination system for illuminating the mask and the 
apparatus further including means for storing data repre- wafer. 

seating an amount of adjustment of the illuminance distri- 27 * An exposure apparatus according to claim 23, wherein 

bution based on the distribution of the ghost light caused by 5 said means for adjusting the illuminance distribution 

each mask having the pattern formed thereon to be used in includes at least one filter to be inserted in an optical path of 

said exposure apparatus by said means for adjusting the an illumination system for illuminating the mask and the 

illuminance distribution. Wa i« r \ , ^ . 

18. An exposure apparatus according to claim 17, wherein ?*■ ensure apparatus according to claim 27 wherein 
■j r j* *• *u 11 • * • . -i . • t Jrt said at least one filter includes a reflective filter having a 

said means for adjusting the lUiiminanoc distribution auto- 10 nu ^ m which ^ aQsmiUance fc bwer ^ ^ct 

matically adjusts the illuminance distribution based on the tQ o51i ^ uel incident u ht than ^ t t0 verticall 

stored amount of adjustment. incident Hght 

19. An exposure apparatus according to claim 9, further 2 9. An exposure apparatus according to claim 27, wherein 
including means for storing data representing the distnbu- said al leasl one filler in C i uc jes an absorbent filter formed by 
tion of the ghost light corresponding to each mask to be used is cementing first and second optical members, the first optical 
in said exposure apparatus. member having high transmittance and absorbing no light, 

20. An exposure apparatus according to claim 19, wherein and the second optical member absorbing light. 

said means for adjusting the illuminance distribution auto- 30. An exposure apparatus according to claim 27, further 

matically adjusts the illuminance distribution based on the including means for exchanging said filters, 

stored data representing the distribution of the ghost light so 20 31. An exposure apparatus according to claim 23, wherein 

that the mask is uniformly illuminate. said mask stage can support different masks to be used in the 

21. An exposure apparatus including: exposure apparatus, said apparatus further including means 
a mask stage for supporting a mask having a pattern fo / storing data representing an amount of adjustment of the 

formed thereon* illuminance distribution determined based on the distnbu- 

' 25 uon °f the g nost light caused by each mask, having a pattern 

a wafer stage for supporting a wafer onto which the formed thereon, to be used in said exposure apparatus by 

pattern formed on the mask is projected; sa jd means f or adjusting the illuminance distribution, 

illuminance measuring means for measuring the illumi- 32. An exposure apparatus according to claim 31, wherein 

nance on the wafer; and said means for adjusting the illuminance distribution auto- 

operation means for determining the distribution of ghost 30 matically adjusts the illuminance distribution based on the 

light caused by the mask, having the pattern formed stored amount of adjustment. 

thereon, when the mask is illuminated in the exposure 33 * M exposure apparatus according to claim 23, wherein 

anna ra his sa ^ mas k stage can support different masks each having a 

, . ' .„ . . . pattern formed thereon to be used in said exposure 

wherein said illuminance measuring means successively apparatuS) said exposure apparatus f^ber including means 

measures the illuminance on the wafer when the illu- 3 5 for storirjg data representing the distribution of the ghost 

mmance measured on the wafer includes ghost light ^ corresponding to each mask to be used in said exposure 

and when the illuminance measured on the wafer does apparatus. 

not include the ghost light while the mask, having the 34 An exposure apparatus according to claim 33, wherein 
pattern formed thereon, is mounted in said exposure sa id means for adjusting the illuminance distribution auto- 
apparatus, and 40 matically adjusts the illuminance distribution based on the 
wherein said operation means determines the distribution stored data representing the distribution of the ghost light so 
of the ghost light by comparing the measured illumi- that the mask is uniformly illuminated, 
nance when the measured illuminance on the wafer 35. A device manufacturing method for manufacturing 
includes and does not include the ghost light. devices using an exposure apparatus for projecting a pattern 

22. An exposure apparatus according to claim 21, wherein 45 form . ed °° a „ mask onto ? wafer the illuminance of the mask 
said illuminance measuring means measures the illuminance causin S the formation of ghost light on the mask, said device 
including the ghost light at a portion of the wafer while the manufacturing method comprising the steps of: 

overall pattern formed on the mask is being illuminated, and usin g a first technique, including using a measuring 

wherein said illuminance measuring means measures the device > t0 measure the illuminance on the wafer while 

Uluminance not including the ghost light at the portion of the 50 the mask » navm S the P attern formed hereon, is 

wafer while only the region in proximity to the portion of the mounted in the exposure apparatus, wherein the first 

wafer where the illuminance is measured is illuminated. technique includes measuring ghost light; 

23. An exposure apparatus according to claim 21, further usin S a second technique, different from the first tech- 
including means for adjusting the illuminance distribution wque and performed successively with respect to the 
so that the mask is uniformly illuminated. 55 first technique, to measure, using the measuring device, 

24. An exposure apparatus according to claim 23, wherein tne illuminance on the wafer while the mask, having the 
said means for adjusting the illuminance distribution pattern formed thereon, is mounted in the exposure 
includes means for changing intervals between lenses apparatus, wherein the second technique does not 
included in an illumination system for illuminating the mask include measuring ghost light; 

and the wafer. 60 determining the distribution of the ghost light, based on 

25. An exposure apparatus according to claim 23, wherein the illuminance measured by the first and second 
said means for adjusting the illuminance distribution techniques, and compensating for the ghost light using 
includes a plurality of rotatable wedge-shaped prisms dis- the distribution determined in said determining step to 
posed in an illumination system for illuminating the mask uniformly illuminate the mask; and 

and the wafer. 65 projecting the pattern onto the wafer using the exposure 

26. An exposure apparatus according to claim 23, wherein apparatus to manufacture a device using the exposure 
said means for adjusting the illuminance distribution apparatus. 
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36. A device manufacturing method according to claim 
35, wherein the step of determining the distribution of the 
ghost light comprises the step of comparing the illuminance 
measured at the same measuring point by the first and 
second techniques. 

37. A device manufacturing method according to claim 
35, wherein said first technique using step includes the step 
of measuring the illuminance at a portion of the wafer while 
the overall pattern formed on the mask is being illuminated, 
and wherein said second technique using step includes the 
step of measuring the illuminance at the portion of the wafer 
while only the region in proximity to the portion being 
measured is illuminated. 

38. A device manufacturing method for manufacturing 
devices using an exposure apparatus for projecting a pattern 
formed on a mask onto a wafer, the illuminance of the mask 
causing the formation of ghost light on the mask, said device 
manufacturing method comprising the steps of: 

measuring, in a first measuring step, the illuminance on 
the wafer while the mask, having the pattern formed 
thereon, is mounted in the exposure apparatus, when 
the measured illuminance on the wafer includes ghost 
light; 

measuring, in a second measuring step, the illuminance on 
the wafer, using the measuring device, while the mask 
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used for actual exposure, having the pattern formed 
thereon, is mounted in the exposure apparatus, when 
the measured illuminance on the wafer does not include 
ghost light; and 

determining the distribution of the ghost light by com- 
paring the illuminance measured by said first and 
second measuring steps, and compensating for the 
ghost light determined in said determining step to 
uniformly illuminate the mask; and 

projecting the pattern from the mask onto the wafer using 
the exposure apparatus to manufacture a device using 
the exposure apparatus. 

39. A device manufacturing method according to claim 



38, 

wherein said first measuring step is performed at a portion 
of the wafer while the overall pattern formed on the 
20 mask is being illuminated; 

and wherein said second measuring step is performed on 
the portion of the wafer while only the region in 
proximity to the portion being measured is illuminated. 
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